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1. Introduction 

One ol ' the imissiona o f  the Spectrum Policy Task Force has been to examine the 
typcs of lcgal righis mid rerponhihilities the FCC assigns to licensees and other users of 
l l ic  spectrum i t  manages, and to identify alternative approaches to the definit ion of sLlcl1 
righrs and responsibiliticr t l i a t  inight better promorc the tiiost efficient and producrivc use 
o r l h i s  spectruin. I n  order to acquire a ful ler understandmg o f  the issues involved, and the 
consequences of various approaches to defining spectrum usage rights and 
rcsponsibilities, the Task Force created a Spectrum Rights and Responsibilities Work ins 
G o u p ,  which undertook several inquiries I 

Firsl. the W o d i t i g  Group examined the coiiiments f i led in  i e s p o n x  to the Public 
Notice issued by the Task Force o n  June 6, 2002' Second, the Spectrum Policy Task 
Force held a Public Workshop on Spectrum Rights and Responsibilit ies on August 9, 
2002. in  which attorneys, economists, engineers, and other experts drawn from various 
segiiients of t l ie  t e l r co tn r i i un i c~ t i on~  industry and tl ie academic community participared.' 
I'iinelists provided input regarding a number of  topics, including theoretical spectrum 
righls iiiodels and h e i r  application to the practical realities o f  spectrum inanagement; the 
;idmiitages and disadvantages of various licensed and iinl~censed models; optimal 
. i ] ~ ~ ~ i - u x ' h c s  to  dcfining technical requirements; issues particular to certain services and 
ciiviinnii ients, including public safety and rural areas; and mechanisms for t iansit ioning 
from current spectruni usage regiines to more efficient and beneficial systems. Third, the 
Work ing  Group analyhed certain liequency hands in  different parts of the spectruiii and 
ditfei-ent types o f  serwces that i t  found to he representative of the Commission's past 
practices w i th  respect to eslahlishing usage rights. The group used these analyses to: ( I )  
undcrstand in  what circuiiistaiices arid to what extent the Commission's current rules are 
c*prcssioii'l ofpartictil;ir regulatory iiiodels; and (2) examine how the use of these models 
litis either proinoteil or deterred spectruin efficiency and the development of new 
lechnologies and services. Fourth, the Work ing Group rcviewed numerous articles 
wi.itten by a variety o lexpens  to gain further insight into how the Cominission inight best 
del ine spectrum rights and obligations in  the future to promote the most productive usc of 
t l ie  radiofrequencies i t  inanages.' 
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This overview suiiiiiiarizes the Work i i i g  Group’s tindings. conclusions, and 
iccoinii iendations wi th  respect to spectrum rights and responsibilities, based on the i n p u  
received f rom the coiiinienters and participants in thc Publ ic Workshop on Spectrum 
Righls and Responsibilities. 

11. Spec t rum Usage Mode ls  a n d  Incentives f o r  E f f i c ien t  Use o f  Spec t rum 

A. Spec t rum Usage Models :  Advantages a n d  Disadvantages 

The Work i i ig  Group cxdinined the Commission’s spectruin policies and rulcs 
dsf i t i i i ig spectruin usage rights in relation to three general inodels: 

( I  ) “Coiiiiiiaiid-and-control“ inodel  The traditional process o f  specrruin 
inanageinent in the United States, currently used for most spectrum wi th in  the 
Coininissinn’s jurisdiction, allncates and assigns frequencies to l imited 
c m g o r i c s  o f  spectruin users for specific governinent-defined uses. Serbice 
rules for the band specify e l ig ib i l i ty  and service restrictions, power l imits,  
build-out requirnnents, and other rules. 

(2) “Exclusive use” model  A licensing model i n  which a licensee has exclusive 
and transferable rights to the m e  of specified spectrum wi th in  a defined 
geographic area, wi th  f lexible use righls that are governed pr imar i ly  by 
technical rules to protect spectrum users against interference. Under  this 
iiiodcl, exclusive rights resemble property rights in spcctruin, but this inodel 
does nor i inp ly  nr require creation of“ftil1” private property rights in 
spcc tru i l l .  

( 3 )  “C’oniinons” or “open acccss”model. A l lowa unl imited numbers o f  
uiilicensed users to sliare frequencies, wi th  usage rights that are governed by - -  - 
technical stniidards or  etiquettes hut w i th  no r ight to protection f ro in  
intci.l ircncc. Speclruin i s  available to al l  users that coinply wi th  established 
technical “etiquettes” or standards that set power I i i i i i ts and other criteria for  
operutioii o f  unlicensed devices to iniitigate potential interference. 

Coininenters and panicipants in the Public Workshop gave signiticant input with 
respect to each o f  the inodels. Mos t  parties provided l i t t le guidance regarding specific 
bands in n’hicl i  these niodels should be applied, but rather, coininented at length on the 
gc‘iieral ad\;antages and disadvantages o feach  inodel. There w a s  not a consensus 011 
d i i c l i  iiiodel is best wider a l l  conditions. though i i a n y  coininenters observed that the 
sti i t i ih quo ~~ which pr imari ly relies on t l ie “coiiiiiiaiid-and-control” inodrl ~ s ignificantly 
l imits cfficicncy i n  inany cases. 

Each of these iimdels represents an ideal. In reality, the models i n w l v e  dif ferent 
levels o f  regulatory involveinent, w i th  the coinrnan&and-control inodel being the most 
proscriptive. A l l  licensees can and should benefit froin the lessons of  the three basic 
iiiodcls. In  other words. for any given licensee, the Commission couldadopt greater 
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interferenc.e protection consistent wi th  the cornman4and-control inodel, enhanced 
l lcx ib i l i ty  consistelit with the exclusiveuse model,  or enhanced access to spectrum 
coii$istent wi th  the cointnoiis model. 

I .  "Comman&an&ControI" Model 

The traditional process of spectrum inanagement in the United States i s  rct'erretl to 
by soi i ie as the "cotninaiid-and-control" tnodel because of  the strict control and overaight 
exercised by the government. The corninansand-control model process involves four  
slcph: a l l ou t ion ,  adoption o f  scrvicc rules, assignment, and enforcement.5 I n  the 
allocation process, the Coinmission decides what types o f  uses i t  w i l l  perinit in particular 
spccli-uin bands. Ncxl, thc Commission establishes service rules that specify the power 
l i i i i i ts, build-out requirements, and other rules for the service allocated in this band. The 
Cninniissioii then assigns licenses for use of thc spectrum to specific parties through 
mechanisms such as first-coine-first-served licensing, lotteries, comparative hearings, or 
i i i i ~ t ionb .  Finally. thc Commission cnforces its allocations, service rules, and assignments 
against the licensees and other users of the spectruin. 

The Conimission'r  task i n  applying the coiiiiiiand-and-control inodel is  enormous. 
Tlic Commission iiiust continually decide and revisit d i f f icu l t  technical questions 
concerning spectrtiin allocation, geographical coverage. system configuration, 
cli i iniieliziit ioii. power f lux dcnhity, coding, out-of-band emissions, and innumerable other 
teclitiical cri leria at discrete points i n  time.'' For allocations that cross International 
boi-dcrs. t l ic Commission iiiust work wi th  the National Telecommunications and 
Infor i i iat ion Administration (NTIA). the Department of State, and the International 
Tclccoiiiiniinii.ation Union (ITU) to coordinate domestic coininercial proposals w i th  
go\ ernii ient and tnult inat ional uses. Meanwhile, rapid technological advances, changing 
coiisiimcr dcmaiidh, aiid new market developnients steadily erode the ut i l i ty  o f  spectriiiiF 
iiianagement decisions that the Comiii ission inade yeas prior to deployment.' 

Most  coiiitnentera and worksliop participants stressed the costs imposed by the 
command-and-control approach on licensees and the public, and argued that these costs 
cotild he substantially reduced by adopting a more market-oriented approach. One of 
tliese comiiieiiters characterized the traditional pol icy as "ul tr~conservat ive," arguing 
thiit the Coniii i ission gives too niiicli weight to the potential for interference, which 
huidens new entrants w i th  restrictions and delays the introduction d n e w  technology and 
coinpetit ion tn the public.8 Some qiiestioned the Commission's abi l i ty l o  allocate 
Iesiwrces eff ic ient ly even under the best of circuinstanccs." In addition, various patties 
at-gued that. whi le  thc Conin iss ion lias a process to consider tlansfers and assignments, 
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tlic Currriit approach is orer ly  burdensome and iiiakes i t  d i f f icu l t  for  spectruin to inovc to 
its highest-valued use. These coininenters contended that a welLfi inctioning market for 
rcwurcrs  offers a level of efficiency that a centralized, burcaucratic approach can never 
Il l i ltcll. 

Several coiniiiznters, Iiowever, argued i n  favor of retaining a commandiand- 
control approach to allocation for  certain services on the grounds that inore inarkecbahrd 
alteriiatives. such as the exclusive use model, would undervalue or thwart the provision 
o 1 ' m i i e  iinportant services." Advocates for public-safety organizations conteiided that 
the henefits from provid ing their services caniiot be measured in economic t e r m -  
ni+ng that one cannot put  ii price on  safety o r  liuiniln l i fe  ~ and that the spectrum 
i iecasary hi- such services should iiot be subject to market inechanisms!' Some private 
ri idio operatois argued that they aupporr the nation's industrial and coininercial 
int'rastructurc. and iherefore they should not have to face the greater risk that would 
iiccoiiipany a move away f ro in the status quo." Radio astronomy advocales (eared [hat 
iiii :il lociltion inechanisin that does not include a significant government role w i l l  
i indeivalue long-teriii scientific research projects that may offer significant social henefits 
hut idso require dedicated spectruiii bands.'' Similarly, several satellite operators argued 
rhat inoving to an exclusive use inodel [nay givc too l i t t le weight to the public interest 
beiistits of serving reiiiote and  rural areas and provid ing an alternative cointnunications 
ii i l iastructtire for usc iti c a w  o f  disasters." Broadcast coinmcnters asserted that statutory 

l o  k c  x c , w d h  taulhabcr and Fdrhcr Commmls; Statements nt Thomas Krattcnmnker and Peter P i t ich  ai  
r l ic  l'iihlrc Mb, thup wi .S /m I ,  um Ri,qhr,s und Rrnpunsibiliiie> 
' I  S w  c p ,  ( ~ n n s u m c r  Federation 01 Amcrica Commcnts dr i ("The inomem spectrum IS auclioncd. rhc 
l i i i i a t c  cmnoniic interat, o l t hc  Iiccn-c holder comes into conflict W i t h  the citi7en interesl. Onccthc 
: i i n w \ a  ;ire ,ol<l-off- "propcrtizeil" or "monelized" in curncnt1argon~- rhc ncw owners will decidr who 
gciq to  L I ~ C  ir "I. 
:IM 1hou i t  i \  I I ~ L I  If you Ihavc ciiough manry. you get to spcak, If you do nor, you are OLH o f  luck." ).  
'I YL,~,, c, p ,  ,\sociation of  Public Siitrty Comiiiunications Oftici;ils-lntcmationdl (APCO) Conimenrs ill 3, 
S l ; ~ i c m e m i  0 1  Ron Ilar;iscth m d  D,~v id  U'amcr, rcspcctibcly. at the August 5 .  2002 Public Workshop m 
Slxc'lnm~ Ell icicncy (Puldic Mi,rk,slwl> tin ,Spec l i um E / / i m w < v )  in 70,  73; .set u l w  Satel l i te lnduslry 
~ \ w m ~ m o n  ( S I )  C'ummsnl> a t  18 (iioting that "[r]ever;il leatures o l ~ a t c l l i t c  systems offer advanragrr fol 
p t ~ b l ~ c  safcty, hi\ cntorccmcm and emergency rcspmsc o r g m r d t m s . " ) :  Bergen County Comincntr at 1-5 
( IN I~ I I I~  rl?ilt "markr r  ui~icnled policics iirc but nnr"ci,nsiderution (or the Commissioti in executing i t i  
\~;iiolory puhlic mtcre*t mimdateI. 
I '  ,Sw e p ,  Priviire Rdtliii Cominenlers Commcnrs a1 2 ( m m y  busncssr i  dre inherently daiigcrous, and the 
I I C S I I S C ~ S  caiinut afford 1hc risk ofloss o f  critical communicauons scri iccs from a comnicrcial provider): 
I c i w i ; ~ i ~ i ~ c a l  Radio, Inc. (ARINC') C'ontrnenls a t  2 ("Alloc;irions will always be needed to providc foi 
w f c p  fnnctiuni. cspccially x'hcrc ratlio IS tlie v d y  means olcomiiiuiiicarion.") 
' I  %c. ' , y ,  N;mnnal Rddio Astronomy Obscn'atnly Comnienls. 
I '  .Sew 'x.. Uaemg Cummenis at X, Y - I l l  ('it would disservc t l ie  public imcrcst i f rhc  Cammishion placcd 
nth g ~ a l  ofspccrlum efficiency ahovc i t s  othcr equally important and starutorily mandated goalsand 
ohlig:irions"): SIA  Coninicntc at 4 (noting that the Cornniunications A c t  requires the Commisaion "to rnokc 
ai;iilable, so fa, '15 posqiblc, to :ill the people of the Unitcd Starcc, a rapid, efficient, Ndtioi>widc, and 
wurld-widc WITC and radio C~IIIIIIIIIIIC~~I~II xrrice with adequate lacillties at teasonahlc charges. . .") 
( c ~ i i ~ i i o n  uimtrcd); Starcmcnts o f  Michacl Ti tcI i  a t  r h c P u 1 h  IVork,riwp g/Specn-imr E/{iciencj;ir I 50  ("the 
u;ilCty iinplicntioms [of h p r c t r u m  used for comnicrcial nviariun and navigalion] arc vcryhigh"); Mobile 
Satc l l i rc  Vennirr Cuninients at  I 5  (auctioning the right to l lex ib ly usc satcll itc spectrum would "thwart the 
C'onimiswn's goals olznsuring scn'icc to nirill and undersetbed arcns and would I c ~  tu decreased 
5 1 ~ ~ l n i i i i  clliiicncy and LiriI izatim"). 
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piiblic iiitcrest considerations and the tree over-the-air nature of broadcasting service 
lha\c l i in i tcd applicabil ity to itiai-kct-based spectruiii l icensing models.'" 

In  otlier cases. Iparties asserted ihal trailsactioil costs associated w i th  asseinbling 
the spectrum for a coinmimications network might inake prov id ing service prohibi t ively 
expensive. Satellite interests, for cxainple, stated that thc transaction costs of acquiring 
spectruin or landing i ighls llti-ough hundreds ofseriat i in rounds o f  competitive b idd ing 
around the globe would prcvcnt thc deploymcnt of internaiional snel l i te  systems.'' Other 
p x t i e s  asserted that specific rpectruin bands are needed, and losing the rights to even a 
fcw bands could make internatioiial harmonizatioii difficult or i i n p o s ~ i b l c . ~ ~  These 
coininenters added that an exclusively market-hased approach inight create perverse 
incentives to p i n e  the iiiternational regulatory processes by encouraging nations to inake 
disruptive "paper tilings" for  spectrum and orbital resoiirces at the International 
Tclecoini i~i inicat ions Union."' Accordingly, some o f  these coinnienters asserted the need 
liv yovcrnincnt involvement in overcoining inarket failures and prohibi t ively h igh 
triiiisaction costs. 

Fil ially, soine liavc argued the physical properties of spectrum, coii ibii ied w i th  the 
pccii l iarit ies of network intlustries in general and u'ireless telecnininunications i n  
]pili-ticular. inay require a cerfain level of "coinilland-and-control" in any spectruin model 
to avoid inefficient allocation."' This argiiinent inaintained that characteristics such as 
c<)tisii inption cxtcrnalit ics tIi31 i-cquire a crit ical i n a s  before a technology becomes useful. 
1hi$ vwitcli it ig costs that tend to "lock in" consuniers to existing tcchnologies, and large 
economies of scale al l  increase the potential for market h i l u r e  and thus necessitate a 
IiiShcr lcvc l  nt regulatory involvcincnt. 

~ S w y c n o u i l ~ ~  Nitioi ial Associalion of Broadcastcr~~Arsociation lor Maxiniunt Service Television , I >  

(I\ \ U  MST\') h n r  Cnminents; Socicry of Bmxlcast Engineers (SHE) Commcnrs; Association o f  Public 
~ I ~ c I c + i s i w  St.itii,ns ( A I ' ~ I 3 I  ( o m m c n l ~ ,  Ka lmn~ l  Public Kadia ( N P K )   comment^. ' .%c, c, ,g, Sarcll irc Indurtr) As\oci:irion ( S l i t )  Cammcnls dl i h .  7.8: i"Scqocntio1 auctions [ in hrc ign 
L O L I I > ~ ~ ~ C S ]  would ~ncccarar~ly lol low [a U.S auclion for c.itcllitc rpcctrum] a i d  would dctcr i i i ~ c s i n i c n i  111 

~ i i i c l l ~ t c  \ysrcmi liwt only 1 by rei,ini. both tlic cost olsiicI1 sydcnts liut also hy  adding an additions1 I S K  
01 r inccr ia i i t ly  
I '  ,Siv Srateincnts of Dabid Weiniich. Stephen Blust, Stephen Gillig, and Michael Fi lch ai Pirhiic 
W m l d w p  oil .ijii<iriini t l l i c i e n q  I lughcs Ncrwork Systcm (Ilughcs) Rcpiy Commcnrs at 14-15, 
I "  , S w  CKT. Slh Comments at 8 ("With !he advent ot auctions, however. other nations may Iry io slake 
t l i c i r  c l i i ini  to  Ipmspecti\.e auction rerenues by claiiniitg slots rhat U S. systems nccd through 'papcr filings' 

"' YW v . p .  Or Sliy, The Econonic5 o f  Network I i ~ i l u ~ t r i c ~ ,  Caiiibridgc Univ.  Press 1-6 (2001). 

io the overall Iiccnsing, and thus deploymsi,r, costs associated wi th  the system."). 



2. "Exclusive Use" Model 

Thc "cxclusivc use" i i iodel, ils discussed in this report, refers to a l icsnsing inodel 
i i i  d i i c h  ii licensee has rights that are exclusive, flexible, and transferable, and has 
specific responsibilities rhal come wi th  this inruest." Under an exclusive use ii iodel ~n 
i t \  ]purest form, licensees acquire an interest in a frequency hand that is similar to a fee 
simple interest in the spectrum. wi th  the right granted being exclusive and perpetual. or 
nearly so. Few or no restrictions exist on  the coinmodif icat ion o t t h e  spectrum, whlch 
B I I O \ V S  [or secondary market trading, wi th  the spectrum holder's rights transferring \vith 
l l ic d c  oi' lcasc. I n  \bolt. a n  exclusi\;e use iiiodel pro\.ider that the licensee obtains 
rights lo do everythi i ig w i ih in  i ts  assigiied frequencies not expressly prohibited underlhe 
Iiceiise. Final ly.  responsibilities also accoinpany riglits to  rhc specti-uni, including 
t c c l i i i i u l  rules that esrdblish power and our-of-band eniissinn Ii i i i i ts. These 
rcspoiisibil it ics iire tlic flip sidc of rights, indicating the level o f  power and potential 
iiiterference licensees inust tolerate froin other operators, which corresponds to the rights 
of tlicse otl icr parties. 

Parties wl io advociitcd granting cxclusivc rights to licensees argue that such an 
approach encourages investinent. They indicated that business enterprises v iew any 
potential for  interference as a dangcr, and that incumbents are deterred f rom investing in 
i i c u  tcchndogies i f t h e y  do not have exclusive rights to spectruin and do not know who 
i i i izht  interfere with tliein i n  the future. Some econoni&ts favored the excIusive use 
model because i t  i s  bui l t  on the assumption that thrrc is  scarcity in the spectrum, at least 
:it some t i ines and soiiie places.?' They asserted that this scarcity may he the result of 
I i inited access. o r  an exces?, o f  spectrum use relative to capacity. They explained that the 
exclusive use iiiodel promotes econoniic efficiency because its key  characteristics- 
clcarly dctinecl rights, exclusiuiry, f lex ib i l i iy  and transferabil ity- are iircessary for 
eff ic ient ly allocating any scarce resarrce among competing uses. 

Par t ic ipnts  rcprcsentiiig parties iiiierested in trading spectrum rights noted tha t  
I laiisferabil ity of rights w o d d  be crit ical in order to achieve efficient use of the  
speciiuii i." They clainied that the right to trade this resoicce would allow i t  to be inoved 
in i ts  highest Lalued use, which would help rect i fy the imbalance between spectrum 
shortages in some iirciis and surpluses i n  others. Rural carriers make similar arguments, 
i io l i i ig  that secondary inarkets may improve spectrum efticiency and enable providers to 
gii i i i  access to spectriiin for use i n  i u r a  inarkets.'4 

Paitics tliat opposcil an exclusi \e use model argued that allocation based on 
gib ing exclusive interests to Iicensecs i n  particular bands may lint bc thc most efficienl 

6 



p d i c y .  Tlicsc parties stressed the benefits of an approach based on shared usc under a 
coiiiinons approach, v i t h  less emphasis on a purely exclusive use inodel." Other 
coii i i i ientei 's ai-gued lhat a n  exclusive use approach deters iniiovation because technology 
:idvances at least in part out of a necd to inake better use of resources, and licensees wi th  
cxclusive tiw rights have guaranteed access l o  the spectrum resource. Several evcn 
challenged the assumption oC scarcity, upon which the exclusive use model is  built.'" 
Soi i ic coniineiiters fiirther opposcd any creation of a qiiasiproperty right in spectrum, 
arguing that such a step would be contrary to the Commtinications Act, detrimental to 
frcc speech. and a threat to econoiii ic coniperitiveness i n  comiiiunications inarkets." 

Finally. some parties raised coiicernb about inarket failure that could accompany a 
sl i~ict  application o f  a n  CXCIU~~VL. use model. Some feared that such a model might 
encourage coinmercial hoarding o f  spectrum rights that would exclude innovative. nom 
Iirol-il, p i b l i c - s e r ~ i c e  or oll ier uses o f t h c  spcctrum that benefit society as a wholc. Also, 
rhcy assertcd that spectrum users who  require immediate, but infrequent access to 
speciruni, such as public safety agencies, i i i ight be unable or unwi l l ing to pay for 
cominercially available services that could provide the same leve l  of reliabil ity in times 
of peak demand that their current services offer." In addition, they were concerned that 
spectrtiiii users r l i i l r  require ~itnultaneotis operation over global geographic areas, such as 
siitellire service providers, i i i ight i iot  obtain internarionally l iannonized spectrum due l o  
Iioldout hy individual speclruiii owncrs?" Addit ional ly,  they observed that spectrum 
tisers that require the simultaneous u x  of large segments o f  spectruin, such as ultra 
i\ idebaiid (UWB), or the short-tenn use of portions o f  a wide range ofspectrum, such as 
sof t~~are-det inet I  rndiu (SDR), inight i i ~ v e r  ovt'rcoine rhc transaction costs necessary to 
gaii i access tu  spectrum to opcrate."' l h e y  argue that SDR and similar technologies 
sliriiil( the "frsqiiency/tiine/space dimension that a user inust occupy exclusively in order 
to coii i i i iunicate without interference," which in turn creates units "so sinal1 as to inake 
ihe trnnsactioii c o m  involved in negotiating allocation o f  exclusive property rights to 
thc i i i  proh i hi  ti vc."" 
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3. "Spectrum Commons" Model 

I n  ii spectrum coiniiions tnodel, spectrum i s  available to a11 users that comply wi th  
cs~abl is l ied technical "etiquettes" or standards that set power l i i i i i ts and other criteria for  
operation of unlicensed devices to mitigate potential intcrfcrence. Usage rights are 
Ilenible. with i i i in i inal or tio iestricliotis placed on  the types of use of the spectrum As i s  
t l ic case utidei. the r e p l a t o r y  regiine currently governing unlicensed Part 1 5  spectruin, 
tl ieie are tin licenses" and the piiinary allocatiun ii iethod for using the spectruin i s  akin to 
" firct coiiie. first served.'' 

Supporters of the coiiiinons model argued that this approach leads tu greatcr 
techlological innovation and spectral efticiency than exclusive access: because no 
\pcctruii i is cwclusivcly held, spcctrum c im ino i i s  users liiive incentives to create 
spectrally el l ic iet i t  frequency-hoppiiig technologies, whereas licensed spectruin typical ly 
sit2 idle u'lteti the license-holder is iiot traiisinitt ing I' Coinii ions supporters also stressed 
that this model precludes warehousing o f  spectrum, which can create art i f ic ial  scarcity 
aiid i s  a potential disadvantagc of an exclusive usc modcl.  Furrherinore, proponents o f  an 
q ie i i ,  coininoils approach claimed that spectrum scarcity migM actually he reduced under 
such a regime because of tlic efticiency enhancing possibilities of new technologies (e.g., 
a d  l ioc networks) and the fundamentally different spectrum demands of architectures 
>uch LIS mesh networks?' 

Altliougli t1iei.c i s  >oiiie indicaioi i  thal a cmiii i ioiis regiine inay not attraci the 
siiinc leve l  01 inves~inenl as  an exclusive rights system, proponeiits also argued that the 
iieed for long-tertii capital investinents in networks is reduced wi th  this model because 
the i i i nowt ion  cycle i s  fasirr." I n  addition, attracting major amounts of i inanc ing niay be 
less of an  issue for  systeins such as incsh i i e twork i "  because capital costs are distributed 
atiiung u x r s  (througli s i i i a i ~  ieceivers, for exainple) rather than being concentrated a t  
cciitral p o i n h  o f  trJniinission as it i lraditional aicliitectures. However, various parties 
i ioted that industries that do requiic large l ixed investments iniglit have trouble attracting 
~illiitiil o i  be l ies i t i l i i t  to invest Further hccouse ofthc lack o f  giiaraiitees against future 
inteikrei ice. 

Pai.ties that opposcd a spectruiii coiiinions model, however, argued that some ot 
the supposed incentives for  i i inovation do not work and thal significant disadvantages 
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i i l hn  acconip:iiiy tisc of this model, includiiig: overuse, wi th resulting interference; senice 
Iiiiiiiirtions due to l o w p o w e r  requireinenln and a r ising iioisc floor; and underinvestnient 
due to these overuse and semice l i i i i i tations?6 These parties argued that  a coniinons 
;il3piwach wui i ld  resill! in a spectruni shorrage.'" They asserted that while the "tragedy of 
[ l ie  coiiiiiions"" could be aineliorared through rules on power levels, inodulation, back 
~ l ' fsc l ie tnes.  and other approaches," it would remain to the extent there is  too little 
spcciruin relative to the coininunications deinanded at  il given t i i i ie and place." 
Cuiiiinentcrs also cxpressed concern that a "pure" coinriions model could lead to an 
uii intel l igiblc cacophony o f  ~ i iu tua l ly  interfering signals. Without some type of 
yu\'erninent-ii i iposed restrictions on the use o f  spectruiii coiniiions, corninenters 
aclmiwledged that "a poorly designed system. although economically inore feasiblc for 
some. would only lend to iindue Iiardsliip[]" for other speclrum  user^.^' Some rcunoii i ists 
dlso argued l l i a l  niany o l ~ h c  hciielitc 01'3 coiniiions inodel could he achieved via private 
oui iers  who allocate their specti-um for such purposes." 

Othci. coinineiiters argued that unlicensed spectruni should not he seen as a 
icplaceinent for licensed spectniin, hut akin to a public park, free for anyone to use." 
L'iider this approach, ihe Commission would use market-based inechanisins to sell 
e*cIiisive use licenses. but also prcscrve soiiie spectrum as an unlicensed spectruni 
coiii i i ioiis for new or emerging technologies. Many corninenters supporting this balanced 
:ipproach also suppoi.ted thc i i l lnciit iun 11f additional unlicensed sptxtrum.'" Other parties 
siipport inaii i tai i i ing il licensed regime wi th the right of nominterfering technologies 
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( x i c h  as spread spectrum. or UWB devices) tu upuratc within the same band. rather lhan 
allocating separate unlicensed specti-utn" 

6. Application uf'the Three  Models: T h e  Story So F a r  

I n  inwt hands. the Commission has historically used variations of the traditional 
coininand-and-control approach IO defining rights, in which spectrum i s  allocated and 
assigned for specific uses that are l imited, often very  narrowly, by regulation. More  
ruccntly, the Cominission has developed rules for certaiii bands tliat approximate the 
cycIusIve rights model, and rules for  other bands that approximate the commons model, 
h u t  i t  has no( applied either model tu significant portions o f  the spectrum, and has not 
iiscd cither model in  3 piire form. 

The cniniiiand-and-cotitrol approach has taken different forms over time. In inany 
c:wes Ihe Cottimission 118s arrived a t  a regulatory 'ilructiiie through an ad hoc process of 
xc i .e t ion over  the years, whi le in other cases i t  has used a less ad hoc process and has 
adopted an o\wxaIl plan for a l l  SCIVICCL in a band at the same tiine. Moreover, some 
ris<tge regimes that have co in i i ian~and-contro l  features liave al lowed for considerably 
i i io ie usage t lexibi l i ty rl iai i  others. And, many licensing reginies involve "exclusive use" 
Iiceiises o r a  inore restricted forni than the exclusive use model involv ing f lexible usage 
rt f l i ts cliscusscd i n  Sccrion l l .A  abovc. 

I'or exaiiiple, in the 902-928 MHr band, a block of spectruni in which a nuinher 
of licensed services a \  well  as unlicensed users operate, the Commission has tnade a 
series o f  specific regulatory decisions over time that has resulted in a complex hierarchy 
01 tiscrs suhjec~ io significant restrictions." Thus, Federal Govemineni radiolocation 
systcms h a w  priinary rights in the band. Nexr i n  order of prior i ty are Industrial, 
Scientific, and Medica l  (ISM) devices, and Federal Government f ixed and mobi le and 
Location and Moni tor ing Systcins (LMS) are secondary to these uses. Licensed amateur 
radio operations and unlicensed Part 15 operations are secondary to a l l  other uses o f t h e  
ha t i  d . 

.The 27.5-30.0 GH7 band is another example olcominan&and-control regii latiun 
01 a specitic hand, though in this instance, the Comtiussion adopied an overall plan for a l l  
x i n i c e s  in tlic band a t  the sai i ic  tiine. In the 1990s the Coinmiasion concluded that this 
band. thcn occupicd b y  l ixed point-lo-point inicrowave service, was underut i l i l i rcd, aiid 
thcrclhre adopted a band segmentation phi1 that  provided for use of the band by Local 
Mul t ipo int  Distr ibut ion Service (LMDS), a terrestrial service, and certain designated 
satellite uplinks and leeder l inks. Cefrequency sharing between services or systems was 
alliiwed i n  hand segments where the Coinmission and parties concluded that it was 

. .  
;il~u,idy i l l l o ~ a i ~ ~ l  lor other purposci). 
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technically feasible. For thc remaining parts o f  the band the Coiii inission created primary 
and secondary usage rights among the services.'" 

Flsoin the Commission's expericnce wi th  coininand-and-control regiilatioii, i t  IS 

appai-cnt th;it overregulation can deter both efficiency and innovation. The highly 
i-cgulated i iatt ire of certain services has tended to discourage technological change 
hccx ise the t i i t x i i s  of providing periiiisaible services are narrowly defined in tcrn isof  
ct i r iei i l  or ouldated techiiology. Moreover, i n  cases where licensees are limited i n  uhar 
sei.\'ices tliey arc permitted to offer, tliey havc 110 i i iceniibe to seck out a higher valucd 
use for  the spectrum. 

One example o f  rest r ic t iw regtilarions having sucheffects niay be found in the 
12.75-  13.25 Gflr baiid, which is shared by Broadcast Auxi l iary  Services (BAS), Cable 
Ai i te i i i ia k l a y  Service (CARS), Fixed Microwave, GeeStat ionary Orb i t  (GSO), and 
Uoii-Geoslalioiiary Orb i t  (NGSO) Fixed Satellite Service (FSS). The Commission's 
rilles have no1 pcrinitted B A S  operators to use digital  modulation techniques,'" even 
Iliotigh thc broadcasting srdtions they s e r w  are required to convei l  Lo digi tal  television, 
r l i t is  complicat ing tlie transition to DTV and precluding other efficiencies. Other rules 
l i i i i i t  the use of the t'requencies; for example, C A R S  licensees are permitted to transmit 
only video signals (not voice or data). In addition, some of  the required procedures for 
l i i i i i t ing poteiit ial interference between users of the hand reduce the efficiency gains that 
cotild be ohrained froii i the use of technologically advanced real t ime frequency 
c(wi-dinatioii devices 
Iiavc a l s ~  contributed to the inhibition of innovation in t h e  f ixed services. On ly  
iecei i t ly has t l ie  Coiii i i i issioii expanded el is ibi l i ty f o ~  C A R S  licenses to include 
~p~ev io t i s l y  noli-eligible muliichanncl I ideo progrumniing distributors such as private 
c:ihIc opcriitors.51 

Limitations on liceiisee el igihi l i ty for  B A S  aiid C A R S  licenses 

The C:oininission has begun to move away l ro in  co i i in~nd-and-contro l  to inoie 
t l r x ih le  spectruni policies i i i  rccent years. In  addition, the Commission has amended a 
v x i e t y  of ser\;ice rules to increase the l lexibi l i ty of existing services. Among the many 
examplcs that could be cited are the Paging and Radiotelephone Services rules. Early 
technological aiid regulatory restrictions regarding the provision of onoway  pasing 
service have beeii cli i i i inated and paging licensees are free to develop and implenient i i ew  



tccliiiologies and uses, including o n a w a y  messaging, two-way inessaging, niobi le data, 
iiiitl f ixed wircless services?' The Coininission has also iimcnded certain P a n  I 5  rulea 
several tinies i i i  the last fifteen years to nccotninodate technological developments in 
spt-cad apcctrutn tcchnology." Nonetheless, broad applrai ions o f  flexible rights policies 
h;iw been adopted for only relatively l imited portions of the spectrum, 

To t h e  extent that tlie Coiii i i i ission has adopted ii t lexible exclusive use approach 
to spectriiiii licensing, there ih general consensus tha t  the Coniii i isaion's inost successful 
appltcalion of  this approach to date in ternis of deployment o f  service has been broadband 
Peisni ia l  Coii i i i iunicatioiis service (PCS), operating i n  the 18501910 M H r  and lY3U. 
I c)90 M H z  baiids. The PCS rules fbllow the exclusive use model quite closely: the 
Cniii inissioii granted PCS licensees rights to large blocks o f  spectrum and al lowed 
substantial f lexibi l i ty in  terins ofrechnology and tisage rights, suhject on ly  to interference 
pmine ters  to protect neighboring geographic ureas and adjacent rpectrum blocks. There 
diw iio othcr users o f t h r  bdiid other than fixed microwave incunibetits, which are suhject 
I C I  inundatory rclocatioii requireinenls. Howevcr. unl ike the "pure" exclusive use model, 
rlic I T S  rulcs do not d l h w  for unrestricted l lex ib i l i ty  ofusc, because the allocution 
Iiiuxliidcs itsc nl ' t l i is  speclruiii for broadcasting. 

Whi le  the rapid lproliferatioti o fwi re less services in the PCS band is well 
docuiiicnted, the Cotiiniission's application of a t lexible exclusive use model i n  some 
ntlier bands (e.g., Wireless Coniniunications Service (WCS)) has not been equally 
successful. Sonie panies have claimed that the rules governing these services are 
"excessively" t lexihlc and that. as a result, inanuf?icturers have not known what sort of 
equiliiiient to build." Nonetheless, t h i s  does not necessarily tnean that the slower 
dcvclnpii iciit of certaiii services accorded l lexible rights is attributable to the flexiblc 
iiature of the usage righta awarded b y  tlie Coiiiiiiission. In  some instances, pr ior 
allocation and licensing decisions by the Cotninisaion have resulted in adjacent spectrum 
bands being used b y  dissiinilar services wi th  different spectrum usage characteristics, 
which in t i i m  has created interference issues that impose practical constraints on  liceiisees 
even though their licenses give theii i nominal f lexibi l i ty.  111 other instances, spectrum iise 
l i i i s  been l i in i tcd duc LO lack ol'inarket deniand for service. However, even in such 
iiistiiiiccs.. thc f lexibi l i ty provided to licensees al lows for iiiore productive future spectrum 
u x  \yIieii Iccliiiology diid inarket condiitons improve, wi ihout the tieed for additioiial 
regiilalory i i i lervention. 

The C:omtnission has also applied rules co several spectrutn baiids that resemhle 
the coiiiiiions model. The 2.4 GHr band (2402-2450 MHz), for example, is used m an 
open access, unlicensed basis by thousands of unlicensed consumer and industrial 
devices. i i ic luding cordless phones, microwave ovena. iiiid wireless LANs such as thosc 



uhiii:: X02. I I h and Bluetooth technology." The proliferatioli of WLFi and similar 
tecli i iologies \vas iiot anticipated wlien the Commission's rules for unlicensed device5 
were estahlished, hul the open access and technical f lexibil ity afforded b y  these rules (the 
pr i inary cnnstli i int bung the liinitalion o f  Part 15 devices to very l o w  power) has dlowed 
bigii it icant iuarket-driven innovation. The popularity o f  the tinlicensed 2.4 GHr band 
i i idkea i t  clcar that r l ie te is dzinand fot a conilnons-type usage Imodel for  so111e spectrulll, 
a n d  that this iiiodel can worh tor s w e r r l l  different sorts ofservices. The parallcl to the 
"piire" coii i i i ioiis model i s  not pci-fect. however, hccause the typcs o f  equipincnt used 
i i i i i s t  be registered and operate under certain rules sucli as  those regarding primary usc 
righls and cqtiipinent standards. 

Moreover. inn1 a l l  tinlicensed bands hauebcen as successful as 2.4 GHz. In  the 
unlicensed PCS hand, for e x m p l e ,  rhcre has been very l itt le developnieni of uiilicensed 
techiiologics, in large part because o f i h e  difficulty of establishing an effective 
i i i rc l ianisi i i  to pay lor the relocation o f  licensed incumbents in the band. The FCC 
ewb l i s l i ed  UTAM iUnliceiised PCS A d  Hoc Coniiiilttee fur 2 GHr Microwave 
Trarisil ion and Management) to enable the transition froin use b y  incuinbent f ixed 
ii i icrowave licensees in the band to unlicensed use. The industry inust mllect money 
froi i i  inanuhacturers [if unlicensed devlces lo coinpensate incumbent f ixed inicrowave 
liceiisees lor i l ie ir  rclocation. tinlicensed PCS products inust only operate at UTAM- 
appi.nved cu~ lo iner  locations unt i l  iiicuinbents have moved out of 191@1930 MHz. I f a  
p i d u c t  iiioiws away froin its coordinated location i t  ]nay not be reactivated, unt i l  UTAM 
Lei~i l ies coordination at  the new location.'" UTAM assesses a fee on each unlicensed PCS 
pi.oduct and directs the money toward tlie incuiiihent relocation effort  ($20 in 2001). The 
ccoi io~ i i ic  noi i -v iabi l i ty 0 1  this Compensation niechanisin plus the lack o f  development of 
cqtiipiiicnt for  use i i i  the unlicensed band have combined to inhibi t  development o f  a 
i iamowbaiid I'CS service. 

An ex:aiiiinatioii o f i l i e  l lexihlc cxclusive use md coii i inons models as they have 
heen applied to date wggests that each inodel has Icd to different types o t  technical and 
ccoiioii i ic efficiencies. In broadband PCS, for exaniple, liccnhees have developed 
centrally inaiiaged wireless networks that cover large geographic areas and accoinniodate 
large numbers o f  mobi le ct~stomers. The licensing of mult iple users has also led to 
significant coinpetit ive beiiefits in tl ie CMRS market. Parties that have noted the success 
of PCS disagree about what has driven the innovations that we have seen i n  that service; 
b w i c  think they have been driveti by investments in exclusive use, whi le others said ihat 
thcy  had developed because ofcoi i ipet i t ion. It seeiiis l ikely that i n  fact both factors l iave  
pl'iycd an important role in the development of PCS. In  any event, i t  does not appear that 
i l cx ih le  cxclusive iise inodels have deterred the developinelit o f  technologies and service 
i n  t h i s  inslance. Although zoiiic coiiimenters argue that exclusive use w i l l  not lead to 
~ e c l i i i i c ~ l  iiinu\'atioiis siich as Wi-Fi, the PCS rules do not preclude licensees froin 
developing low power W i - t i  networks if they choose to. The faci that PCS licensees 
hiibe not done so to date is l ikely duc to the fact that ( I )  the PCS rules provide for 
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t lex ib i l i ty  aiid inrerferencc prntccrion that  enables licensces to develop higher-power 
s y s t e n i  architectures. and (2) licensees t i c e  a higher opporti inity cost wi th  respect to their 
spcctrt i~i i  that makes such archilectures a higher valued use. 

I n  t h e  Part I 5  band\, whcrc there are strict p w e r  l i m i t s  and no interference 
pi.citecrioii, the oppoi-runily cost of spectrum i s  reduced to a vely low amount approaching 
zcrn." wl i ich forces spectrum users to chaniiel their investment exclusively into 
i levsloping robusr low power technology that can function in this cnvironnient and 
cnntii iue ti? function as thc cn\,ironinent grows ii iore cungeated. The ini t ial  technologics 
t l i a l  svolvcd in these bands were low power devices such as cordless phones and garage 
i loo i~  openers. More  recently. the Part 15 bands have bem host to the emergence o f  
"sniart" IOU power devices that can support more sophisticated applications, including 
pcci~-to-pcci' inetworking. This l i a s  resulted i n  a significant surge o f  ecvnoinic investiiietit 
i i i t l icsc bands. However. the cotnilions model lnay not &fer sufficient certainty or 
I-cli i ihil ity for other types ofspectrui i i  uses. For example. services requiring large upfroi i l  
capital investiiieiity or iisers proinising a certilin standard o f  service to pa id subscribers 
niay not wish to take the risk o f  not knowing cxactly where, when, and l iexi  to whoin 011 
the spectriiiii they can operate. Therefore. i t  i s  unl ikely that a uniforni  approach to 
spectrLiin iiiaiiageinetit can meet the very different needs of al l  spectrum users. 

C. Looking Ahead: A p p l y i n g  Spec t rum Use Mode ls  to  the F u t u r e  

I .  "One Sire Doer N o t  Fit All" 

The Work ing Group looked a i  the question o f  which of the abovedescribed 
spectriiiii iise inodels the Cotntiiission should use in  the li i tt ire and what the appropriate 
i i i ih  inight be. Whi le  the Cointi i ission's experience with ex is t iw  bands provides some 
important Icssotis about the costs and benefits of various niodels that have been applied, 
i l  \vnuld 1101 be reasonable to concludc froin this experience that there is one particular 
rcgiil;itor). model that should be applied unifor inly to a l l  bands or a l l  services. It is also 
iniitahlc t l i i i t .  w i th  few exceptions. participants i n  the Publ ic Workshop agreed wi th  tlie 
p i inc ip le  that i i i  spcctrum policy, "onc s i x  does i iot  f i t  all.'*.' Thus, whi le  there was a 
split ainong coininenters and [panelists who  advocated an exclusive use regime and those 
who iidvocntccl a coniiiioiib rcgiine, inost coinmenters and panelists appeared to support 
tlic proposiiion that therc ih a place in tlic Corninisaion's spectrum pol icy for both 
iniodcls. Some also asserted tliat the two can be complementary, and that grants o f  
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cxclusi\~e prii i iary rights need nut constrain the developii icnt o f  innovative itnliccnsed 
tcclinnlogies. 

Cnniinenters suggested that the FCC should scek to f ind a balance between a 
coii i inons inodel, which would allow for  unlicensed innovation and enable ad hoc open 
networks systems, and a n  exclusive use tnodel, which wou ld  give licensees sufficient 
prcclictahility to stimulate long-term capital inuesuncnts. Cotntiieniers also urged the 
Coiii inission to consider variations and gradations oreach tnodel. For  example, a number 
o lco i i i inet l te is  suggested that granting t lexible exclusive use rights to spectrum users d id  
1101 111-cclude tlie C'oiiiniissinn from imposing some regulatory l imitations on use. 
eiialogous to miiitig resirictioiis that are placed on property owners by local governments. 
Any  scrvice not included in the rights granted to tlie licensee u'ould have to be considcred 
tht.ougli a ro i l ing- l ike hearing in which a l l  interested parties could conitnent. Such a 
modcl would in fact be a type o f  l imited exclusive use model. A different variation o f  a 
l imi tcd cxcIusive use tnodel would be one in which the licensee has exclusive rights to 
provide any sewice on its assigned frequencies but other users are granted easements to 
use l l iose lrequenciea on a lion-interference basis. Certain cotnmenters, however, were 
opposed to !lie crealion of property rights, and panicularly the idea of rights in fee 
siiiiple. in spect rum 

Participants in the Public Workshop focused a good deal of attention on h o w  
diflerent rights models wn~ i l d  affect emerging "smart radio" lechnologies, such as 
Software Defined Radio (SDK).  They iioted that SDK w i l l  be in the inarkerplace soon 
arid that there are significant advaiitages l ro in  using SDR."' One panelist indicated that 
1111: F-CC nccds to come up wi th  mechanisms for accommodating SDR and suggested that 
i t  needs to consider the practicality of not only creating inore commons but also o f  setting 
up a simultaneous exchange for trading."' Another panelist observed that as 
coii i i i iuntcatinns ranges &el shorter and sliorter in tcrnis o f  distance (for example, wi th  
de~elo l i inents  such as WbFi), (he cointnons tnodel becomes inore appropriate because i t  
ciititils fewer regulatoiy requirements and allows parties to focus on technical solutions 
liir [ l ie  del ivciy o f  &la. 

There was broad support among proponents of  unlicensed spectrum use for 
I ier i i i i l l ing greater ~ C C Z S S  lo unused portions o f  liccnscd hands. even including broadcast, 
hy m a r t  radios on a non-interference basis. However, as indicated above. advocates d 
ehcliisive use models and incumbent licensees expressed skepticism about such an 
itpl~rnacIi. 11 was also poiiiicil out thai the Commission iieeds to be pragmatic in 
peri i i i t t ing frequency ;tgiIe radios too niuch access to licensed band!, because licensed 
uscrs should be expected to iinpleinent new technologies and therehy reduce the gaps 
a\,ailable for  frequeiicy agile radios to use. 

Thc i s u e  ofcongest inn was  also raised in connection u'ith unlicensed use, and. as 
wi i l i  many uthcr iiiittters. thcrc was disagreement regarding whethet- such congestion i s  



"reill" ot  iiii Jrlifact ofregi i lal ion." '  This, uiie paiielist stated that the FCC needs to 
eiisiii-e that swaths of unlicensed spectrum do not becoine paralyzed b y  congestion, and 
one Iparty that t i led coininents on the Publ ic Notice ndicated that a l l  use ofiinlicensed 
speciruiii should be regulated to providc c lear rules regarding an access etiquettc, 
ini iy i i i i i i i i i  power Isvcls. aiid/or duty cycle restrictions, m o n g  other trchnical 
coiisideratioiis.". However, one patielist asserted that there was no real congestion in 
tinlicensed spectIuin, only congestion caused by regulatory l imitsf '  

Wl i i lc  considerable einpliasis was placed on promoting innovation through an 
expansion of tinlicensed uses, at least one panelist argued that l icensing i s  of  cr i t ic$ 
importance kit the opposite reason, i.e., ensuring consumers that their equipment w i l l  
continue to work with existing infr;istructure."' Many agreed that this i s  the 
Coinmission's role. but some also indicated that this goal caii be achieved through the use 
of biind iiiaiiiigers."' Certain panelists also argued that the inarket sliould decide which 
cqii ipineiit i s  inJ inu i i ied as viable, that tlie obsolescence o f  soine existing equipment i s  
;in indication o f  progress, a n d  that the overall benefit to consumers of r ival syskms 
barLling in the inarketplace outu'eighs the iiegative impact on those who are stranded w i th  
obsolete eqtiipiiient."" 

Final ly.  although participants i i i  the Public Workshop generally subscribed to the 
i i i i i ic iple o l " o n e  size does not t i t  al l ,"  and appeai.ed to g r e e  that there is  a place for 
different spectrum usage inodels, they d id  not supply i i iaiiy specifics as to h o w  much 
spccti-uiii should be desigiinted for exclusive use relative to shared or unlicensed uses. 

The Work i i ig  Group agrees wi th  the consensus view expessed b y  participants in 
this process that "one size does nor f i t  a l l"  in spectruin pol icy. We also believe that (here 
i s  coiisideiable rooin to inove froin the largely ad hoc approach to spectrum rights that 
1i;is evolved historically to a inucli sinaller set ofbasic spectruin rights inodels that can be 
applied ii inre consisrcntly 'ind cii i i ipreliensively across the radio spectrtiin as a whole. 

2. Greate r  Regulatory F lex ib i l i t y  

In gcncral. as the coininents suggest, we recominend that the Commission base its 
specltt i i i i  po l icy  on a balance of the three basic spectruin rights iiiodels outlined in 
Scciion 1I.A aliove: a n  exclusive use approach, a coininons approach, and a co in inan4 
aiid-conti-ol approach W e  further recommend that the Coininission fundamentally alter 
t l ie  euistiny balance mnong tlicsc models ~ u,l i ich is doii i inated b y  legacy coinmand-and- 



coiitrol regtil:ition by expdnding the iise o f  both the exclusive use and coininons models 
throughout t l ie  radio spectruiii. and liiniting the uhe of the command-and-control i i iodel to 
tlicisc instances wlieic there are compel l ing public pol icy reasons to continue using i t .  

Ultimately. uherever there 3re competing uses tor a resource ~ that is, wherever 
tlicrc i s  scarcity ~ soiiie ineclianisin must exist foi- allocating that  resource. A tnechanisin 
hascd 011 ii iarkets, sich as an exclusive use model, w i l l  be iniost efficient in most cases. 
1 lowever, reasoiiablc restrictions or rilles will he necessary to overcoine specific inarket 
rdilures. Governii ieii l inay wish to einploy such powers as eminent domain to acquire 
appropriate hands for publ ic safety usc. for exainple. Siinilarly, governinent may wish 10 

prmio le  t l ic  important efficiency and innovation benefits o f  a spectrum coininoiis b y  
allocating upcctruiii bands for shaied iise, ~nuch as i t  allocates land to publ ic parks. 
Finally. for  the reasons stated above. the cniiiinand-and-control model should be reserved 
oiily for  cases of significant market failure. 

Thus, to thc cxtent feasible, more spectruin should be identif ied for both licensed 
and iinlicensed iiscs under flexible rules, and  existing spectrum that is subject to i i iore 
restrictive coiiiiiiand-and-control regulation should be transitioned to these models to the 
grzaiesi extent poisihle, 35 discussed below. I f  this approach i s  consistently applied to 
Coii i i i i ission specti-urn pol icy decisions, k has the potential to significantly reduce [lie 
ar i i l ic inl  scarcity o f  spectruin that currently exists as  a result of barriers to access. This 
u, i l l  liave the beneficial el’fecl o f  reducing the cost of obtaining exclusive spectrum rights 
u l iere an exclusive use approach is  used, and wi l l  also help to alleviate congestion of 
spccti~ti i i i  that is iiiade availnhle on a coiniiioiis basis, thus tnitigating (though not 
cl i i i i i i iat ing) t l i r  risk o f  the tragedy o f t l i e  coinmons. 

3. Balancing Exclusi\’e Use and Commons Models 

The recotninelidation to move towards gre3ler reliance on exclusive use and 
coii i i i ioiis i i i w l e l s  rcquircs that the Cotiiniission also determine the appropriate balance 
between these two iiiodels. There are ii number o f  variables that inay be relevant to tliis 
dcici ini i iat ioi i  ujith rcspect to any particular hand, but the Work ing Group believes tliat 
the liey factoss 10 he considercd arc ( I)  spectrum scarcity and (2) transaction costs 
;iswciated w i th  inov ing spectruiii f rom less efficient to innre efficient use. B y  “spectrLiin 
sc:irciiy,” wc inean the degree to which competing demauds to use particular spectruiii 
cxceed tlie supply of spectrum available. B y  “tranbilction costs;’ we inean the 
expenditure of l ime  and resources reqiiired for  a potential spectrum user to obtain the 
spcctruin access rights mcessary to i ts  proposed spectruin use. 

a) Factors favoring exclusive use model 

In getieral. wliere spectrum scarcity i s  high and the transaction costs of 
t raisferr ing or d iv id ing rights to the spectrum are low, these factors tend to favor 
;iplilication OS the excl t is ivc tise inodcl. The exclusive use inodel is appropriate because i t  

gives the iiiost incentives to efficienrly use scarce spectruin. Where rights and 
rrsponsibil it ics arc clearly dclincd and effectively enforced, the characteristics of  this 
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mode l -  i'g., exclusivity. t lexibi l i ty.  and transferability 
liigliest valued u5c When traiisaction costs are not so high as to impede the transfer of 
sI icctrui i i  mi iong nliernativc users, the exc lus iw  uCe inodel al lows inarket mcchanisiiis to 
deteri i i inc thc iiiost efficient allucatiou of  the s c a m  resource b y  providing a clear 
l i a i i i cuork  for the ashignineiit and negotiation of spectrtiiii usage rights between 
apt.ciruiii users. 

lhelp move resources to their 

Where both \pcctrum scarcity and transaction costs are high, the exclusive EX 

iiiodcl sti l l  may be t i i i i s t  appropriate. though this situation is less clear. The presence of 
I i igI i  transactioii cosls inciins that soine transfers o f  spectruin w i l l  not occur, aiid some 
\';iluable tises therefore w i l l  tiot appear in the ii iarket. However, wherever swrc i ty  exists, 
there w i l l  be cninpctii ig clainis to [l ie resource, and the exclusive use model is most 
el'tcctive at balancing these competing claims. Moreover, the greater the scarcity, the 

~ r rea ier  w i l l  bt. the incentive for parties to find ways to overcome t k s e  high transaction 
costs. In  contrast, a spectrum coiiitnons would not be effective i n  cases of  h igh scarcity, 
despite i t s  inerits a t  addrchsiiig high traiisaciion costs. 

These variables suggest that in thc lower portion of the radio spectrum, 
pwticular ly bands below 5 GHz, the Cnminissioii should focus primari ly,  though not 
exclusively. oi l  using the exclusive use model. The propagation cliilracteristics i n  this 
port ion o f  the spectruin (u'l i ich can support a wide variety o f h i g h  and low-power, fixed 
riiid iriobile iises), coinbined wi th  t h e  high Icvel of incumbent use ( including governineni 
i t \  \ d I  as nun-goveriiinent uses), resttli in a large number of  competing demands for  this 
specIi'uiii reliitivc tu the ainoli i i t o f  spectrum a\ailable. These factors tend to weigh i n  
t a v o i  o f  an exclusive use approach wi lh t lexible rules because i t  provides a i iechanist i i  
for spectri ini iisers 10 choose among thc full range of reclinically feasible speciruni use 
nptiniis biiwd on market forces. 

Appl icat ion ot'the exclusive use inodel to these band, however, does not 
iiecessarily tiiean tliat al l  possible wage rights associated w i th  panicular spectrum tiitist 
hc iiivested iii the licensee. For  example, wi th  private property i n  land, i t  is di f f icul t ,  i f  
i iot  iinpossihle, for the  governiiient tu bui ld  a h i g h w q  i f  I t  must negotiate w i th  individual 
piopetty o\uiers without cii i inent domain powers. Si ini lar ly w i th  specirtiin, i t  tnay be 
pt.oli ibit ively burdensome for soine potential spectrum users, e.g ,  those wi th  technologies 
l k e  IJM'B th;it operatc acro w ide  range of spectrum, to negotiate for spectrum access 
v i t l i  each l icc i isw in each band and i n  each geographic area that would be used. Wherc 
l l i c  prcscncc of inany spectruni license holders wi th  exclusive use rights iniakes it d i f l i cu l t  
to piirsiie cconoi i i ical ly efficient p j e c l s  because of  the high transaction costs associaicd 
w ! I i  i iegotiating spccti'uiii access with each licensee, the poteniial exists to create a 
"tragedy n( llie a n t i c ~ ~ i i i i i i o i i ~ . ' ~ ~ '  To reduce this potential, the goveminent i i iay create 
access rights for noinc typcs o f  spectrum uses eveii in spectrum t h a t  i s  otherwise licensed 

IIcI Icr.  M1ch.x (199Ri ' T i c  Tragcdynt tlic h i c o n i n m i  I'ropclry in rheTrwsitian from Mar\ to 
M;irkcls." I I I I larvard  Luw Review, 621, 622-25. 'The trdyedy of  l l i c  commms may occur when inmy 
partici lhovc property-likc rights tor m i a l l  slivers otspecrruni PO that a palfy wanring to use ii block o f  
ipcctr i i i i i  iiiay l ind i i  cos~ ly  aiid complicaled 10 negoriaie iwih niany 5eparatr lholderz o f  >pcctmrn iisagc 
rlghtc. t i l  w c h  il c a w  l l l C  \pcct"lnl may gu "nuizd dnd Ill",\ becnn,ca wastcd rCbourCc. 
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on an exclusive basis. Options for creating such access rights in an exclusive use model 
aie presented i n  Section 1II.D below in the discussion o f  secondary inarkets and 
- L.o\’erniiicnt-granted eascnicnts. 

b) Factors favoring commons model 

Coii \crscly. in spccti’um banda wherc spectrum scarcity is  l ow and tlie tiilnsactioii 
CWIS o f  trimsterring or  div id ing rights to the spectruin are high, lhese factors rend to favor 
application ol’the coinmoiis model. Thc caniiions inodel is inost appropriatc because i t  
helps gi”e access to r l ie speclruin to users who  otherwise would he deterred b y  these 
substantial negotiations costs. The coinmons approach inakes this increased access 
possible by I-cplaciiig the tiegotiation ot’fonnal leasing and sale contracts between iisers 
a i i d  rights liolders wi th  a n  agseeineiit by the user to abide b y  certain user protocols and 
eiiqiictte. This proiiiotes efficiency through spectrum sharing; c ~ m i n o n s  users generally 
opetmte at  lo!\ power for a sliorr t i i i ic n l in i i ted arcas, which allows inult iple users to 
opei~dte 011 the saine spectrum. The coininons approach also promotes technological 
i i i i iovat ioi i  by providing a spectrum environinent iii which to develop new technologies. 

Wlierc both spectrum scarcity a n d  transaction costs are low,  the coiiiinons inodel 
again i i iay he the most appropriate, though this situation is less clear. Under these 
c w x i i w a i i x s ,  the presence of low transaction costs would add to the ef fc iencycreat ing 
c l i a i ~ a c t e r i ~ c s  o f  the coininons. 011 the other hand, it also i s  possible that the exclusive 
use model would provide coinparable benefit>, such as in iiistances in which the price 
w i l l  he close to zero i f  spectrum is abundant and/or the burden o f  negotiating wi th  rights 
holders w i l l  also be low. Wi th low transaction costs as wel l  as l o w  price, interested users 
should have iini-estricted access to tlir spectrum they need. 

An important caveat tiiust accoiiipany any recoininendation for a coinmons 
iii(1dc.l: If scarcity appear5 in particular speclruiii b;rnds in the future, then a coinii ions 
iiindel inlay iio longer be appropriatc fnr these bands. This approach i s  only efficient 
d i e 1 1  tlierc is l i tt le o r  110 scarcity, since wi th  a coininons there i s  no price inechanism to 
use iis a roo1 i o r  allocating scarce resources among competng users. The “price” o f  
spectriiiii i s  essentially zero. Wi th  lree access, however, comes the r isk of interference 
and OVer-silttiratioii, the cldasic problems o f  the “tragedy of the commons.” These 
probleii is can he overcome to some e x k n t  through regulatory guidance, reqiiireinents 
siicl i  as power and eiiiission l imits. and sharing etiquettes. But where actual spectruiii 
su i -c i ty  exists, the tragedy o t r h e  coinmons m a y  bc unavoidable because there are 
i i is i i l l ic iei i t  i i iccntives to avoid overuse. Thcrefore, a spectruin cnii i inons approach ii iay 
lhc i iscfi i l  for  some, brit iiot a l l .  o l  the available spectruni. 

The ms iab les  describcd ahove tend to t i l t  i n  favor of expanded use of rhe 
cnininons model in higher spectruiii hands, particularly above 40 GHz, based on  the 
physical cliaracteristics of the spectrum itself. In these bands, the propagation 
characteristics o f  spectruin preclude many o f  the applications that are possible in lower 
hands (e.g., mobile service, broadcasting), and instead favor short-distance line-of-sight 
oper;itioii tiziiig nairow transti~ission beams. Thus, these bands are welCsuited to 
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accoiiiinodate i i iu l t iple devices operating wi th in  a s m a l l  area without interferencc. 
Moreover, ddininistertng thcsc uses on a n  individualized licensed basis wou ld  involve 
\cry liigh transaction costs. Thus, the cotninons model inay have broader applicabil ity in 
I l l i s  port ion o l t h e  spcctrum. 

This does nol. I iuwc\cr,  iiiean that only higher band spectrum should be subjcct io 
a coi i i i i ions approach. As inaiiy coinmenreis point out, there is also value in h a v i g  some 
l o w i  band spectruiii dedicatzd for commons use. much as there I S  benefit in having soiiie 
l d i i d  that could be derelopcd commercially dedicated entirely to publ ic use, such BS 
parlkh. Thc rccord stion's d ia l  the Cominission's dedication of soiiie lower handspectrum 
to ii i i l icenscd uses. e.g., 2.4 CHz, is yielding significant technological and economic 
benefits i n  thc form o f  l o w p o w e r  short-distance coininuii ications and emerging inerh 
nctivork technologies that should be further encouraged. W e  therefore recommend that 
the coininons inodel continue to be used selectively in other lower spectrum bands if 
feasible. 

Wc iki not advocaie the uhii lesale conversion o t a l l  spectrum to a coininons 
:Ipproach as soine coiiimcnters appear io advocate. Although the coininons inodel i s  i n  
i i i m y  uays a highly deregiilatory "Darwiii ian" approach, as its proponents point nul, 
productive iise of speclrutii coii i inons by unlicensed devices, particularly in lower 
sprclrui i i  hands, typical ly requires significant regiilatory l i i i i i tations on device transmitter 
pn\ver i l ia1 preclude m a n y  other technically and economically feasible spectrum uses that 
ircly on higher-power signal propagation over longer distances, o r  that  require greater 
proteclion l i o i i i  i i i ierf i rc i ice. I n  addition, some coininoiis proponen6 themselves stlte 
that setting aside additioiial spectruiii for use on a cointiions hasis is not essential to the 
coi i l i i iucd success of unlicensed technology because the technological capability exists to 
IireLent congcstioii froin occurring in exist ing unlicensed bands. Furthernnre, supporters 
i it ' i i icsh network architectures arguc tha t  this technology actually expunds the capacity o t  
the spectrum proportionately to 

To thc cxtent that new technologies are capable of  operating on a nominterference 
b. :. cisis with liceiised uses, thc proposal to create easeiiients "underneath" exclusive use 
licciises would provide additional capacity tv soine types of users who otherwise would 
operate i i i  spcctrum devoted to cointiions use. 

4. Limited Use of CommancCand-Control 

With  respect to the coiiiinand-and-control inodel, as noted above, the Working 
Group recognizes t l i a t  continued use o f t h i s  approach inay be required i n  situations ujhere 
pi~cscribi i ig spectrum use by regiilation i s  iieceasary to accoiiiplish compel l ing publ ic 
i i irrrcst objectives. H i n v e v a ,  such objectives should be carefully defined, and the 
a i i i i n i i i t  of spcctruiii nub,ject to a coininand-and-control regime should be l imi ted to the 
ininiinum m o u n t  neccssary to ensure that those objectives are achieved. M a n y  spectrtiiii 
users will c l a m  that they warrant special consideration aiid thus deserve exemption froin 



aiiy refomi of  their service allocation rules. It is therefore crit ical to distinguish between 
special intcrcst and the public: interest, establishing a high bar for any service to clear 
l i r inr to receiving a i l  exemption. 

111 general, coininand-aiid-control regulation should he reserved only for spectrum 
uses that provide clear noli-market puhl ic interest benefits. For example, radio astronomy 
inlay need tu liave dcdicared, protected spcctruin bands for the foresceahle future. due to 
it5 highly sensitive applications and the fact that its benetits accrue to society as a whole 
mid only ovcr the long run. Public safety and crit ical infrastructure may also require 
dedicated spectruni a t  particular ti i i ies to ensue prior i ty access for emergency 
co i i i i i i i in ieat io i i~ .  Other exaiiiples where l i in i tcd use o f  coinmandiand-control may be 
.itistitied iticltide spectruin uses that reqiiire regulatory prescription to avoid market failure 
(c.g.. siitcllitc allocations to ritsure global harnionization of satellite frequency bands) or 
tliiit liave i t  non-initrket dependent publ ic interest basis atticulated in the Communications 
Aci (e.g., broadcasting). Some of tliesc instanccs are discussed in greater detail iii 
Section IV below. 

Subject to these exceptions, the Commission should eschew comman&and- 
cnnirol regulation, and legacy coininand-and-control bands should he transitioned to 
ii iore tlexihle rules and tises to the inaxi inuin extent possible (whether under the 
c\cIustve rights or cotnnioiis inodel). Thc Work ing Group's recommendations wi th  
I-cspect to trailsition tiiecliiiiiisins are discussed i n  greater detail in Section V below. 

111.  
liristing and Optimal Approaches 

Defining Specitic Rights and Obligations Within Spectrum Usage Regimes: 

A. Flexibility 

A theine in ip l ic i t  iii much o f t h e  discussion iii the Public Workshop and submitted 
coi i i i i ients w a s  the teni ioi i  bctweeii liceiisees' desire for certuinty on the one hand and 
t lex ih i l i ty  oil the other. It \ v u  often unclear exactly what type of f lex ib i l i ty  parties 
w i i i e d .  but i i iost agreed oti general principles, such as ( I  j rilles should he tlexihle 
enough to accoinniodate future uses arid have just enougli technical features to define 
rights; atid (2)  increased f lexibi l i ty is good, hut interference criteria have to he  clear. 
F lex ib i l i ty  i n  three areas \ v d s  discussed: service or iise f lexibi l i ty,  such as would enable 
licensees to iiioYe their spectrum into higher valued uses; technical f lex ib i l i ty  that would 
i i l low service providers to determine how best to coinhine inpiits (e.g., using the Ewes t  
01 i i iosi cost effective technology): and the f lex ib i l i ty  to subdivide, lease o r  transfer 
spectruin rights to others, so that coii ipatihle users are iniore l ikely to have access to the 
spectriinn they need."" 

Thc "orking Grotip also posed the question ofwhether  the Commission should 
develop iiiorc market-orienied spectrum rules that provide licensees w i th  greater 
I lcx ih i l i ty .  and, i f  so, i n  which bands or services and how. The Work ing  Group also 
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itskcd whether some linii lations should be imposed on  particular banis o r  services i n  
ordei- to achieve public interest objectives that would not be iinet under a piirely inarkek 
b a w l  approach. 

Thcrc was gcineral agreement that Inore spectrum should be subject to market 
forcer 111 ordcr to encourdge innovation and enhance productivity through creative 
tr>tiisiictions iv i th  tnniiniiinill transaction costs. For  example, such a system would faciliiate 
lhc introduction of broadband technologies by standardizing rules across spectrum blocks 
and inaking i! casier to coordinate use wi lh  mul t ipk licensees 
C'oiiiniission should analyze carefully why i t  is not generally in the publ ic interest to give 
a l l  licensees ni i ich inore f lexibi l i ty.  A t  thr very least, instances i n  which flexible rules 
are tiot adopted should be the exception rather than the rule, should be tailored to  ineet 
specifically defined publ ic interest goals, and should be applied to the least amount of 

Some argued that the 

ssary t n  achicvc those goals. 

Coiiimenrers statc that i n  order to avoid uncertainty regarding the scope d 
l lex ib i l i ty  al forded by our rules, thc rules should he presumptively wri t ten (or reh'r i t ten 
as necessary) to define spectrum rights in tenns o f  spectriiiii uses that are excluded, 
pi.ohibiteil, or l imited. Thus. the Commission's approach should be that licerseeh a i d  
uinlicensed users be al lowed to do anything not expl ic i t ly prohibited by the rules, rather 
h i i  the prcsiiiinption being that anything lint affirmatively authorized needs a rule change 
0 1 '  waiver hefbre i t  ciiii be done. 

Coniinienters and participants expressed broad support for both the developincnt 
o f  >ccnndary iiiarkets and greater implementation of the band inanager concept."' 

Whi le  the inejority of connmenters favored extending the curreiit system of 
aucttotiing spectruiii rights valid for a number of ycars wi th  a presumption of renewal, 
several parties recommended that the governinenl instead lease spectrum for shorter 
]periods, and that leases be renewable.'' I t  was suggested that a market would develop in 
Ic:tsc rights, so that priccs would accurately reflcct short-term spectrum values i n  a way 
~ l i i l t  auctions lo r  essentially perpetual r i g h t  cannot do. Such a system would set a lower 
barrier to ei i t iy than certain auctions, and would make i t  quicker and easier to reclaim 
unused specti'uiii tliaii currcnt procedures permit. I t  was further argued that user Fees arc 
a tiieaiis o l n i a k i n g  licensees bear the opportunity costs o f  inefficiency and o f  enabling 
the Treasury to receive revenue long-term instead o f j u s t  a t  the time of init ial license 
;Issignmerit. I t  was also acknowledged, however, that the FCC ninight face dif f icul t ies 
sii i i i l i ir to those it  has encnuntcred wi th  installment payments if i t  were to rely on periodic 
1e:ise payments. rather than lump sum payments for  spectrum licenses. 
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